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1
ENABLING DOWNLINK TRANSPARENT
RELAY IN A WIRELESS COMMUNICATIONS
NETWORK

CROSS REFERENCE TO RELATED
APPLICATIONS

The present patent application claims the benefit of U.S.
patent application Ser. No. 13/058,708, filed on Apr. 26,2011
that is a National Phase Entry of International Application
Number PCT/CA2009/001117 filed Aug. 12, 2009, and
claims the benefit of U.S. Provisional Patent Application Ser.
No. 61/088,183, filed on Aug. 12, 2008, the entire content of
the forgoing applications are incorporated herein by refer-
ence.

FIELD OF THE INVENTION

This application relates to wireless communication tech-
niques in general, and in particular to an apparatus and
method for enabling downlink transparent relay in a wireless
communications network.

BACKGROUND

In a wireless communications network, a base station and
amobile station may communicate with each other via a relay
station, as needed. Relay stations are designed to extend the
coverage of a wireless communication network by receiving
and transmitting communications between the base station
and cell edge mobile stations. For example, arelay station can
receive signals transmitted from a base station, and then trans-
mit those signals to a mobile station, thus, improving the
Signal to Noise Ratio (SNR) of transmissions between the
base station and the mobile station. A relay station and a base
station may transmit the same data and pilot signals to a
mobile station over the same channel resources. For example,
as part of a Hybrid Automatic Repeat reQuest (HARQ) pro-
cess, a relay station may be used to boost the SNR for a
HARQ re-transmission to a cell edge mobile station.

Relay communication may be transparent or non-transpar-
ent. For transparent relay, a mobile station may be unaware of
the presence of a relay station, and should continue to behave
normally despite the introduction of the relay station. Trans-
parent relay may be used in a wireless network without the
need to introduce new signalling mechanisms or channels to
enable relay functionality for a mobile station. Mobile sta-
tions that are not configured to utilize additional signalling
mechanisms or channels to enable relay may be referred to
herein as “legacy mobile stations”. Therefore, transparent
relay may be backwards compatible with legacy mobile sta-
tions. By contrast, non-transparent relay may use additional
functionality, such as signalling mechanisms or channels, to
enable relay communications with a mobile station. There-
fore, non-transparent relay may not be backwards compatible
with legacy mobile stations. Similarly, a radio communica-
tions standard that does not include features or mechanisms to
implement transparent relay may be referred to herein as a
legacy standard.

Long Term Evolution (LTE) is a mobile radio communi-
cations standard developed by the 3rd Generation Partnership
Project (3GPP). LTE-Advanced (LTE-A) is an enhancement
of the LTE standardization. Both transparent and non-trans-
parent relay may be supportedina LTE-A system. The LTE-A
standard may provide for backwards compatibility with non-
advanced (legacy) LTE systems. Transparent relay may be
applied to extend coverage for both legacy LTE mobile sta-
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tions and LTE-A mobile stations. A number of transparent
relay scenarios, where the introduction of relay is transparent
to a mobile station, are described in R1-082517, Nortel,
“Transparent relay for LTE-A FDD”, TSG-RAN1 Meeting
#53bis, Warsaw, Poland, June 2008, the entire content of
which are incorporated herein by reference. Documents
related to LTE and LTE-A are available at <http:/
www.3gpp.org/article/Ite> and are incorporated herein by
reference.

Some 3GPP TSG-RANI1 meeting documents related to
relay in LTE-A, which may be relevant to aspects of the
present invention, are: R1-082327, Samsung, “Application of
network coding in LTE-advanced relay”, TSG-RAN1 Meet-
ing #53bis, Warsaw, Poland, June 2008; R1-082397, Pana-
sonic, “Discussion on the various types of Relays”, TSG-
RAN1 Meeting #54, Warsaw, Poland, June 2008; and
R1-082470, Ericsson, “Self backhauling and lower layer
relaying”, TSG-RAN1 Meeting #53bis, Warsaw, Poland,
June 2008, the entire contents of each of these documents are
incorporated by reference.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, there is
provided a relay method in a wireless communication system
comprising: a relay station receiving data, dedicated pilot
signals, and common pilot signals from a base station; the
relay station nulling the common pilot signals; and the relay
station transmitting the data and dedicated pilot signals to a
mobile station.

According to another aspect of the present invention, there
is provided an apparatus in a relay station comprising: a
module for receiving data, dedicated pilot signals, and com-
mon pilot signals from a base station; a module for nulling the
common pilot signals; and a module for transmitting the data
and the dedicated pilot signals to a mobile station.

According to still another aspect of the present invention,
there is provided a wireless relay based communications net-
work comprising: a base station; a relay station; and a mobile
station, wherein the relay station receives data, dedicated
pilot signals, and common pilot signals from the base station,
the relay station nulls the common pilot signals, and the base
station and the relay station transmit the data and dedicated
pilot signals to the mobile station over the same channel
resources.

Other aspects and features of the present invention will
become apparent, to those ordinarily skilled in the art, upon
review of the following description of the specific embodi-
ments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in greater detail with
reference to the accompanying diagrams, in which:

FIG. 1 is a block diagram of a cellular communication
system,

FIG. 2 is a block diagram of an example base station that
might be used to implement some embodiments;

FIG. 3 is a block diagram of an example mobile station that
might be used to implement some embodiments;

FIG. 4 is a block diagram of an example relay station that
might be used to implement some embodiments;

FIG. 5 is a block diagram of a logical breakdown of an
example OFDM transmitter architecture that might be used to
implement some embodiments;
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FIG. 6 is a block diagram of a logical breakdown of an
example OFDM receiver architecture that might be used to
implement some embodiments;

FIG. 7(a) is a block diagram of a logical breakdown of an
example SC-FDMA transmitter that might be used to imple-
ment some embodiments;

FIG. 7(b) is a block diagram of a logical breakdown of an
example SC-FDMA receiver that might be used to implement
some embodiments;

FIG. 8 is a diagram of an exemplary downlink transparent
relay process;

FIG. 9 is aflowchart of steps showing the steps for enabling
relay in a wireless communication system in accordance with
some aspects;

FIG. 10 is a flowchart of steps showing the steps for
enabling relay in a wireless communication system in accor-
dance with some aspects;

FIG. 11 is a diagram of an exemplary LTE resource block
structure for a base station which may be used for downlink
relay transmissions to a mobile station according to some
aspects;

FIG. 12 is a diagram of an exemplary LTE resource block
structure for a base station which may be used for downlink
non-relay transmissions to a mobile station according to some
aspects;

FIG. 13 is a diagram of an exemplary LTE resource block
structure for a relay station which may be used for downlink
relay transmissions to a mobile station according to some
aspects;

FIG. 14 is a diagram of an exemplary LTE resource block
structure for a relay station which may be used for downlink
non-relay transmissions to a mobile station according to some
aspects; and

FIG. 15 is a flowchart showing steps for reporting CQI in
transparent relay according to some aspects.

DETAILED DESCRIPTION OF THE INVENTION

Although the concepts of the present invention may be
used in various communication systems, in some embodi-
ments these concepts can be particularly applicable to the
LTE standard, and in particular LTE-Advanced.

One specific example of a communication system that
might be used to implement embodiments described herein is
described with reference to FIGS. 1 to 7. An example of a
downlink transparent relay process that may be implemented
in a wireless communication system is described with refer-
ence to FIG. 8. Aspects and embodiments of a method and
apparatus for enabling downlink transparent relay are
described with reference to FIGS. 9 to 15.

The term “base station” can refer to any access point pro-
viding coverage to an area, such as a wireless station. Mobile
stations are also commonly referred to as user equipment,
mobile terminals, user terminals, subscriber terminals, and
communication devices, for instance. The term “mobile sta-
tion” can refer to any receiving device (stationary or mobile).

FIG. 1 shows a base station controller (BSC) 10 which
controls wireless communications within multiple cells 12,
which cells are served by corresponding base stations (BS)
14. In some configurations, each cell is further divided into
multiple sectors 13 or zones (not shown). In general, each
base station 14 facilitates communications using OFDM with
mobile and/or wireless terminals 16, which are within the cell
12 associated with the corresponding base station 14. The
movement of the mobile terminals 16 in relation to the base
stations 14 results in significant fluctuation in channel condi-
tions. As illustrated, the base stations 14 and mobile terminals
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4

16 may include multiple antennas to provide spatial diversity
for communications. In some configurations, relay stations
15 may assist in communications between base stations 14
and wireless terminals 16. Wireless terminals 16 can be
handed off 18 from any cell 12, sector 13, zone (not shown),
base station 14 or relay 15 to an other cell 12, sector 13, zone
(not shown), base station 14 or relay 15. In some configura-
tions, base stations 14 communicate with each other and with
another network (such as a core network or the internet, both
not shown) over a backhaul network 11. In some configura-
tions, a base station controller 10 is not needed.

With reference to FIG. 2, an example of a base station 14 is
illustrated. The base station 14 generally includes a control
system 20, a baseband processor 22, transmit circuitry 24,
receive circuitry 26, multiple antennas 28, and a network
interface 30. The receive circuitry 26 receives radio frequency
signals bearing information from one or more remote trans-
mitters provided by mobile terminals 16 (illustrated in FIG. 3)
and relay stations 15 (illustrated in FIG. 4). A low noise
amplifier and a filter (not shown) may cooperate to amplify
and remove broadband interference from the signal for pro-
cessing. Downconversion and digitization circuitry (not
shown) will then downconvert the filtered, received signal to
an intermediate or baseband frequency signal, which is then
digitized into one or more digital streams.

The baseband processor 22 processes the digitized
received signal to extract the information or data bits con-
veyed in the received signal. This processing typically com-
prises demodulation, decoding, and error correction opera-
tions. As such, the baseband processor 22 is generally
implemented in one or more digital signal processors (DSPs)
or application-specific integrated circuits (ASICs). The
received information is then sent across a wireless network
via the network interface 30 or transmitted to another mobile
terminal 16 serviced by the base station 14, either directly or
with the assistance of a relay 15.

On the transmit side, the baseband processor 22 receives
digitized data, which may represent voice, data, or control
information, from the network interface 30 under the control
of control system 20, and encodes the data for transmission.
The encoded data is output to the transmit circuitry 24, where
it is modulated by one or more carrier signals having a desired
transmit frequency or frequencies. A power amplifier (not
shown) will amplify the modulated carrier signals to a level
appropriate for transmission, and deliver the modulated car-
rier signals to the antennas 28 through a matching network
(not shown). Modulation and processing details are described
in greater detail below.

With reference to FIG. 3, an example of a mobile terminal
16 is illustrated. Similarly to the base station 14, the mobile
terminal 16 will include a control system 32, a baseband
processor 34, transmit circuitry 36, receive circuitry 38, mul-
tiple antennas 40, and user interface circuitry 42. The receive
circuitry 38 receives radio frequency signals bearing infor-
mation from one or more base stations 14 and relays 15. A low
noise amplifier and a filter (not shown) may cooperate to
amplify and remove broadband interference from the signal
for processing. Downconversion and digitization circuitry
(not shown) will then downconvert the filtered, received sig-
nal to an intermediate or baseband frequency signal, which is
then digitized into one or more digital streams.

The baseband processor 34 processes the digitized
received signal to extract the information or data bits con-
veyed in the received signal. This processing typically com-
prises demodulation, decoding, and error correction opera-
tions. The baseband processor 34 is generally implemented in
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one or more digital signal processors (DSPs) and application
specific integrated circuits (ASICs).

For transmission, the baseband processor 34 receives digi-
tized data, which may represent voice, video, data, or control
information, from the control system 32, which it encodes for
transmission. The encoded data is output to the transmit cir-
cuitry 36, where it is used by a modulator to modulate one or
more carrier signals that is at a desired transmit frequency or
frequencies. A power amplifier (not shown) will amplify the
modulated carrier signals to a level appropriate for transmis-
sion, and deliver the modulated carrier signal to the antennas
40 through a matching network (not shown). Various modu-
lation and processing techniques available to those skilled in
the art are used for signal transmission between the mobile
terminal and the base station, either directly or via the relay
station.

In OFDM modulation, the transmission band is divided
into multiple, orthogonal carrier waves. Each carrier wave is
modulated according to the digital data to be transmitted.
Because OFDM divides the transmission band into multiple
carriers, the bandwidth per carrier decreases and the modu-
lation time per carrier increases. Since the multiple carriers
are transmitted in parallel, the transmission rate for the digital
data, or symbols, on any given carrier is lower than when a
single carrier is used.

OFDM modulation utilizes the performance of an Inverse
Fast Fourier Transform (IFFT) on the information to be trans-
mitted. For demodulation, the performance of a Fast Fourier
Transform (FFT) on the received signal recovers the trans-
mitted information. In practice, the IFFT and FFT are pro-
vided by digital signal processing carrying out an Inverse
Discrete Fourier Transform (IDFT) and Discrete Fourier
Transform (DFT), respectively. Accordingly, the characteriz-
ing feature of OFDM modulation is that orthogonal carrier
waves are generated for multiple bands within a transmission
channel. The modulated signals are digital signals having a
relatively low transmission rate and capable of staying within
their respective bands. The individual carrier waves are not
modulated directly by the digital signals. Instead, all carrier
waves are modulated at once by IFFT processing.

In operation, OFDM is preferably used for at least down-
link transmission from the base stations 14 to the mobile
terminals 16. Each base station 14 is equipped with “n” trans-
mit antennas 28 (n>=1), and each mobile terminal 16 is
equipped with “m” receive antennas 40 (m>=1). Notably, the
respective antennas can be used for reception and transmis-
sion using appropriate duplexers or switches and are so
labelled only for clarity.

When relay stations 15 are used, OFDM is preferably used
for downlink transmission from the base stations 14 to the
relays 15 and from relay stations 15 to the mobile terminals
16.

With reference to FIG. 4, an example of a relay station 15
is illustrated. Similarly to the base station 14, and the mobile
terminal 16, the relay station 15 will include a control system
132, a baseband processor 134, transmit circuitry 136, receive
circuitry 138, multiple antennas 130, and relay circuitry 142.
The relay circuitry 142 enables the relay 14 to assist in com-
munications between a base station 16 and mobile terminals
16. The receive circuitry 138 receives radio frequency signals
bearing information from one or more base stations 14 and
mobile terminals 16. A low noise amplifier and a filter (not
shown) may cooperate to amplify and remove broadband
interference from the signal for processing. Downconversion
and digitization circuitry (not shown) will then downconvert
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the filtered, received signal to an intermediate or baseband
frequency signal, which is then digitized into one or more
digital streams.

The baseband processor 134 processes the digitized
received signal to extract the information or data bits con-
veyed in the received signal. This processing typically com-
prises demodulation, decoding, and error correction opera-
tions. The baseband processor 134 is generally implemented
in one or more digital signal processors (DSPs) and applica-
tion specific integrated circuits (ASICs).

For transmission, the baseband processor 134 receives
digitized data, which may represent voice, video, data, or
control information, from the control system 132, which it
encodes for transmission. The encoded data is output to the
transmit circuitry 136, where it is used by a modulator to
modulate one or more carrier signals that is at a desired
transmit frequency or frequencies. A power amplifier (not
shown) will amplify the modulated carrier signals to a level
appropriate for transmission, and deliver the modulated car-
rier signal to the antennas 130 through a matching network
(not shown). Various modulation and processing techniques
available to those skilled in the art are used for signal trans-
mission between the mobile terminal and the base station,
either directly or indirectly via a relay station, as described
above.

With reference to FIG. 5, a logical OFDM transmission
architecture will be described. Initially, the base station con-
troller 10 will send data to be transmitted to various mobile
terminals 16 to the base station 14, either directly or with the
assistance of a relay station 15. The base station 14 may use
the channel quality indicators (CQIs) associated with the
mobile terminals to schedule the data for transmission as well
as select appropriate coding and modulation for transmitting
the scheduled data. The CQIs may be directly from the mobile
terminals 16 or determined at the base station 14 based on
information provided by the mobile terminals 16. In either
case, the CQI for each mobile terminal 16 is a function of the
degree to which the channel amplitude (or response) varies
across the OFDM frequency band.

Scheduled data 44, which is a stream of bits, is scrambled
in a manner reducing the peak-to-average power ratio asso-
ciated with the data using data scrambling logic 46. A cyclic
redundancy check (CRC) for the scrambled data is deter-
mined and appended to the scrambled data using CRC adding
logic 48. Next, channel coding is performed using channel
encoder logic 50 to effectively add redundancy to the data to
facilitate recovery and error correction at the mobile terminal
16. Again, the channel coding for a particular mobile terminal
16 is based on the CQI. In some implementations, the channel
encoder logic 50 uses known Turbo encoding techniques. The
encoded data is then processed by rate matching logic 52 to
compensate for the data expansion associated with encoding.

Bit interleaver logic 54 systematically reorders the bits in
the encoded data to minimize the loss of consecutive data bits.
The resultant data bits are systematically mapped into corre-
sponding symbols depending on the chosen baseband modu-
lation by mapping logic 56. Preferably, Quadrature Ampli-
tude Modulation (QAM) or Quadrature Phase Shift Key
(QPSK) modulation is used. The degree of modulation is
preferably chosen based on the CQI for the particular mobile
terminal. The symbols may be systematically reordered to
further bolster the immunity of the transmitted signal to peri-
odic data loss caused by frequency selective fading using
symbol interleaver logic 58.

At this point, groups of bits have been mapped into sym-
bols representing locations in an amplitude and phase con-
stellation. When spatial diversity is desired, blocks of sym-
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bols are then processed by space-time block code (STC)
encoder logic 60, which modifies the symbols in a fashion
making the transmitted signals more resistant to interference
and more readily decoded at a mobile terminal 16. The STC
encoder logic 60 will process the incoming symbols and
provide “n” outputs corresponding to the number of transmit
antennas 28 for the base station 14. The control system 20
and/or baseband processor 22 as described above with respect
to FIG. 5 will provide a mapping control signal to control STC
encoding. At this point, assume the symbols for the “n” out-
puts are representative of the data to be transmitted and
capable of being recovered by the mobile terminal 16.

For the present example, assume the base station 14 has
two antennas 28 (n=2) and the STC encoder logic 60 provides
two output streams of symbols. Accordingly, each of the
symbol streams output by the STC encoder logic 60 is sent to
a corresponding IFFT processor 62, illustrated separately for
ease of understanding. Those skilled in the art will recognize
that one or more processors may be used to provide such
digital signal processing, alone or in combination with other
processing described herein. The IFFT processors 62 will
preferably operate on the respective symbols to provide an
inverse Fourier Transform. The output of the IFFT processors
62 provides symbols in the time domain. The time domain
symbols are grouped into frames, which are associated with a
prefix by prefix insertion logic 64. Each of the resultant sig-
nals are up-converted in the digital domain to an intermediate
frequency and converted to an analog signal via the corre-
sponding digital up-conversion (DUC) and digital-to-analog
(D/A) conversion circuitry 66. The resultant (analog) signals
are then simultaneously modulated at the desired RF fre-
quency, amplified, and transmitted via the RF circuitry 68 and
antennas 28. Notably, pilot signals known by the intended
mobile terminal 16 are scattered among the sub-carriers. The
mobile terminal 16, which is discussed in detail below, will
use the pilot signals for channel estimation.

Reference is now made to FIG. 6 to illustrate reception of
the transmitted signals by a mobile terminal 16, either directly
from base station 14 or with the assistance of relay 15. Upon
arrival of the transmitted signals at each of the antennas 40 of
the mobile terminal 16, the respective signals are demodu-
lated and amplified by corresponding RF circuitry 70. For the
sake of conciseness and clarity, only one of the two receive
paths is described and illustrated in detail. Analog-to-digital
(A/D) converter and down-conversion circuitry 72 digitizes
and downconverts the analog signal for digital processing.
The resultant digitized signal may be used by automatic gain
control circuitry (AGC) 74 to control the gain of the amplifi-
ers in the RF circuitry 70 based on the received signal level.

Initially, the digitized signal is provided to synchronization
logic 76, which includes coarse synchronization logic 78,
which buffers several OFDM symbols and calculates an auto-
correlation between the two successive OFDM symbols. A
resultant time index corresponding to the maximum of the
correlation result determines a fine synchronization search
window, which is used by fine synchronization logic 80 to
determine a precise framing starting position based on the
headers. The output of the fine synchronization logic 80
facilitates frame acquisition by frame alignment logic 84.
Proper framing alignment is important so that subsequent
FFT processing provides an accurate conversion from the
time domain to the frequency domain. The fine synchroniza-
tion algorithm is based on the correlation between the
received pilot signals carried by the headers and a local copy
of the known pilot data. Once frame alignment acquisition
occurs, the prefix of the OFDM symbol is removed with
prefix removal logic 86 and resultant samples are sent to
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frequency offset correction logic 88, which compensates for
the system frequency offset caused by the unmatched local
oscillators in the transmitter and the receiver. Preferably, the
synchronization logic 76 includes frequency offset and clock
estimation logic 82, which is based on the headers to help
estimate such effects on the transmitted signal and provide
those estimations to the correction logic 88 to properly pro-
cess OFDM symbols.

At this point, the OFDM symbols in the time domain are
ready for conversion to the frequency domain using FFT
processing logic 90. The results are frequency domain sym-
bols, which are sent to processing logic 92. The processing
logic 92 extracts the scattered pilot signal using scattered pilot
extraction logic 94, determines a channel estimate based on
the extracted pilot signal using channel estimation logic 96,
and provides channel responses for all sub-carriers using
channel reconstruction logic 98. In order to determine a chan-
nel response for each of the sub-carriers, the pilot signal is
essentially multiple pilot symbols that are scattered among
the data symbols throughout the OFDM sub-carriers in a
known pattern in both time and frequency. Continuing with
FIG. 6, the processing logic compares the received pilot sym-
bols with the pilot symbols that are expected in certain sub-
carriers at certain times to determine a channel response for
the sub-carriers in which pilot symbols were transmitted. The
results are interpolated to estimate a channel response for
most, if not all, of the remaining sub-carriers for which pilot
symbols were not provided. The actual and interpolated chan-
nel responses are used to estimate an overall channel
response, which includes the channel responses for most, if
not all, of the sub-carriers in the OFDM channel.

The frequency domain symbols and channel reconstruc-
tion information, which are derived from the channel
responses for each receive path are provided to an STC
decoder 100, which provides STC decoding on both received
paths to recover the transmitted symbols. The channel recon-
struction information provides equalization information to
the STC decoder 100 sufficient to remove the effects of the
transmission channel when processing the respective fre-
quency domain symbols.

The recovered symbols are placed back in order using
symbol de-interleaver logic 102, which corresponds to the
symbol interleaver logic 58 of the transmitter. The de-inter-
leaved symbols are then demodulated or de-mapped to a
corresponding bitstream using de-mapping logic 104. The
bits are then de-interleaved using bit de-interleaver logic 106,
which corresponds to the bit interleaver logic 54 of the trans-
mitter architecture. The de-interleaved bits are then processed
by rate de-matching logic 108 and presented to channel
decoder logic 110 to recover the initially scrambled data and
the CRC checksum. Accordingly, CRC logic 112 removes the
CRC checksum, checks the scrambled data in traditional
fashion, and provides it to the de-scrambling logic 114 for
descrambling using the known base station de-scrambling
code to recover the originally transmitted data 116.

In parallel to recovering the data 116, a CQI, or at least
information sufficient to create a CQI at the base station 14, is
determined and transmitted to the base station 14. As noted
above, the CQI may be a function of the carrier-to-interfer-
ence ratio (CR), as well as the degree to which the channel
response varies across the various sub-carriers in the OFDM
frequency band. For this embodiment, the channel gain for
each sub-carrier in the OFDM frequency band being used to
transmit information is compared relative to one another to
determine the degree to which the channel gain varies across
the OFDM frequency band. Although numerous techniques
are available to measure the degree of variation, one tech-
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nique is to calculate the standard deviation of the channel gain
for each sub-carrier throughout the OFDM frequency band
being used to transmit data.

Referring to FIGS. 7(a) and 7(b), an example Single-Car-
rier Frequency Division Multiple Access (SC-FDMA) trans-
mitter 700 and receiver 750 for Single-In Single-Out (SISO)
configuration are illustrated provided in accordance with one
embodiment of the present application. In SISO, mobile sta-
tions transmit on one antenna and base stations and/or relay
stations receive on one antenna. FIGS. 7(a) and 7(b) illustrate
the basic signal processing steps needed at the transmitter and
receiver for the LTE SC-FDMA uplink. In some embodi-
ments, SC-FDMA is used. SC-FDMA is a modulation and
multiple access scheme introduced for the uplink of 3GPP
LTE broadband wireless 4G air interface standards, and the
like. SC-FDMA can be viewed as a DFT pre-coded OFDMA
scheme, or, it can be viewed as a single carrier (SC) multiple
access scheme. There are several similarities in the overall
transceiver processing of SC-FDMA and OFDMA.

FIG. 7(a) shows SC-FDMA transmitter 700 including DFT
logic 702, sub-carrier mapping logic 704, OFDMA transmit
circuitry 706, RF circuitry 708, and transmit antennas 710.
FIG. 7(b) shows SC-FDMA receiver 750 including IDFT
logic 758, sub-carrier mapping logic 756, OFDMA receive
circuitry 754, RF circuitry 752 and receive antennas 760.
Those common aspects between OFDMA and SC-FDMA are
illustrated in the OFDMA transmit circuitry 706 and
OFDMA receive circuitry 758, as they would be obvious to a
person having ordinary skill in the art in view of the present
specification.

SC-FDMA is distinctly different from OFDMA because of
the DFT pre-coding of the modulated symbols and the corre-
sponding IDFT of the demodulated symbols. Because of this
pre-coding, the SC-FDMA sub-carriers are not indepen-
dently modulated as in the case of the OFDMA sub-carriers.
As a result, the Peak-to-Average Power Ratio (PAPR) of
SC-FDMA signal is lower than the PAPR of OFDMA signal.
Lower PAPR greatly benefits the mobile stations in terms of
transmit power efficiency.

FIGS. 1 to 7(b) provide one specific example of a wireless
communication network that could be used to implement
embodiments described herein. It is to be understood that
embodiments described herein can be implemented with
communications networks having architectures that are dif-
ferent than the specific example, but that operate in a manner
consistent with the implementation of the embodiments as
described herein.

For downlink transparent relay in a wireless communica-
tion network, a mobile station’s behavior may be kept
unchanged regardless of the introduction of a relay station.
No special signalling may be required to alert the mobile
station that relay is occurring. In addition, a relay station may
not transmit and receive signals in the same band at the same
time. The relay station receives signals from a base station
and transmits signals to a mobile station. Since the mobile
station may not receive and transmit the signals in the same
band at the same time, the relay station may receive signals
from the base station at one time and transmit the signals to
the mobile station at another time. Therefore, a relay station’s
transmission to a mobile station may be non-contiguous.

Both data and pilot signals may be transmitted between a
base station and a mobile station via a relay station. Pilot
signals may be transmitted by a base station and used by a
mobile station for, among other things, channel quality mea-
surement and/or channel estimation. Channel quality mea-
surements may be used for link adaptation. For example, the
base station may determine a modulation and coding scheme
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for the mobile station based on the reported channel quality.
Channel estimation may assist the mobile station decode a
received transmission.

Pilot signals may be Multi-Media Broadcast Single Fre-
quency Network (MBSFN), cell specific, or mobile station
specific. MBSFN pilot signals may be transmitted by all base
stations in a service area. Cell specific pilot signals, herein-
after referred to as “common pilot signals™, are transmitted by
abase station in a cell and may be used by all mobile stations
in a cell. Common pilot signals may be continuously broad-
cast by the base station during the downlink in time, and may
provide smooth channel variation in frequency. Mobile sta-
tion specific pilot signals, hereinafter referred to as “dedi-
cated pilot signals”, are transmitted by a base station to a
specific mobile station.

FIG. 8 is a diagram illustrating an example of how down-
link transparent relay may be implemented in a wireless com-
munication system. The example illustrated in FIG. 8 shows
downlink transparent relay as part of a Hybrid Automatic
Repeat reQuest (HARQ) process and illustrates non-contigu-
ous transmission by a relay station during downlink. HARQ
performance is a method of error-control that may be used in
a wireless system and may include re-transmission to a
mobile station if an initial transmission was unsuccessful.

FIG. 8 shows a base station (BS) 802, relay station (RS)
804, and mobile station (MS) 806. The base station 802
transmits pilot signals on the Physical Downlink Control
Channel (PDCCH) and data on the Physical Downlink Shared
Channel (PDSCH) to relay station 804 and mobile station 806
over a first frequency at a first time (F1/T1). Relay station 804
listens to the PDCCH at F1/T1 and receives PDSCH atF1/T1.
Base station 802 and relay station 804 listen for either an
Acknowledge (ACK) or Negative Acknowledge (NACK)
from a mobile station 806 over a second frequency at a second
time (F2/T2). If a NACK is received, relay station 804 and
base station 802 each transmit the correctly decoded data and
pilot signals previously transmitted by base station 802, to the
mobile station over the first frequency at a third time (F1/T3).
Base station 802 and relay station 804 transmit the same data
and pilot signals over the same channel resources F1/T3 as
part of the HARQ re-transmission process.

Embodiments of the invention are not limited to the trans-
parent relay example, or the HARQ process shown in FIG. 8.
It is possible that a relay station may receive data and pilot
signals from a base station in a separate transmission to the
relay station only, rather than the relay station receiving sig-
nals from an initial transmission from the base station to the
mobile station. A separate transmission to the relay station
may require more backhaul communications.

Regardless of the process by which the relay station
receives the data and pilot signals, the relay station and base
station may subsequently transmit the data and pilot signals to
the mobile station over the same channel resources, as shown
in FIG. 8 at T3. The simultaneous co-transmission of the base
station and relay station should be transparent to the mobile
station. In transparent relay, the signal from the relay station
to the mobile station may effectively be treated by the mobile
station as an additional multi-path which may be combined
with those from the base station.

As is shown in FIG. 8, a relay station may transmit non-
contiguously to a mobile station. By contrast, a base station
may transmit contiguously to the mobile station. Therefore, a
mobile station, unaware of the presence of the relay station,
may assume contiguous transmission and may perform “nor-
mal” unicast data de-coding in all non-MBSFN sub-frames.
The non-contiguous transmission of data and pilot signals
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from a relay station to a mobile station may affect the accu-
racy of channel estimation and channel quality measurements
made by a mobile station.

Channel quality measurement and channel estimation by a
mobile station may normally be based on common pilot sig-
nals received in the downlink. A relay station may use com-
mon pilot signals for channel estimation and may normally
transmit common pilot signals to the mobile station in order to
allow channel estimation, by the mobile station, of the com-
bined channel of the base station and the relay station. There-
fore, channel quality measurements based on common pilot
signals may vary depending on whether or not the relay
station is transmitting to the mobile station. It may be desir-
able for channel quality measurements to be independent of
whether a relay station is transmitting to the mobile station.
However, during downlink transparent relay, the mobile sta-
tion, unaware of the presence of the relay station, may mea-
sure channel quality based on common pilot signals during
sub-frames in which the relay station is transmitting. There-
fore, the channel quality measurement may be affected.

Furthermore, a mobile station may normally interpolate
channel estimation between sub-frames. During downlink
transparent relay, however, interpolation between sub-frames
may not be desirable as the channel, as estimated by the
mobile station, may depend on whether or not a relay station
is transmitting. The combined channel at the mobile station
(from the relay station to the mobile station and from the base
station to the mobile station) may, therefore, vary from sub-
frame to sub-frame due to the non-contiguous transmission of
the relay station. Interpolating channel estimation between
subframes where only the base station transmits to the mobile
station and subframes where both the base station and relay
station transmit to the mobile station may lead to poor inter-
polation. However, because a mobile station may not be
aware that relay communication is occurring, channel esti-
mation interpolation may be performed during downlink
transparent relay, thus degrading channel estimation perfor-
mance.

Thus, it may be desirable to provide a method of downlink
transparent relay that may avoid channel quality measure-
ment and channel estimation degradation that may occur due
to non-contiguous transmission of a relay station to a mobile
station during downlink transparent relay.

It may be desirable distinguish the transmission time slots
with and without downlink relay station transmission. How-
ever, in legacy radio communications standards there may be
no signalling channel or mechanism to indicate sub-frames in
which a relay station is transmitting data to a mobile station.

Aspects and embodiments of a method and apparatus for
downlink transparent relay will now be described with refer-
ence to FIGS. 9 to 15.

FIG. 9 is a flowchart showing steps for relay in a wireless
communication system according to some aspects. It is not
essential to aspects of the invention that all steps shown in
FIG. 9 be performed, and certain aspects may comprise fewer
steps than those shown. At step 902, a base station schedules
a transmission mode to a mobile station, the transmission
mode utilizing dedicated pilot signals. The base station may
schedule the mobile station to the dedicated pilot transmis-
sion mode before, or at the outset of downlink transparent
relay. At step 904, the base station transmits data, the dedi-
cated pilot signals and common pilot signals to a relay station
and the mobile station. Step 904 may be performed as part of
a HARQ process, as shown in FIG. 8 at T1. However, aspects
of the invention are not limited to a HARQ process, and it is
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also possible that the relay station may receive data and pilot
signals from the base station in a separate transmission to the
relay station only.

At step 906, the relay station nulls the common pilot sig-
nals. Steps 908(a) and 908(5) may be performed simulta-
neously. At step 908(a), the base station re-transmits the data,
the dedicated pilot signals and the common pilot signals to the
mobile station. At step 908(5), the relay station transmits the
data and the dedicated pilot signals to the mobile station. The
base station and relay station may transmit the data and dedi-
cated pilot signals to the mobile station over the same channel
resources. Channel resources may include both time and fre-
quency resources, such that the relay station and the base
station transmit to the mobile station at the same time and over
the same frequency. At least steps 908(a) and 908(5) may be
performed as part of a HARQ re-transmission in downlink
transparent relay as shown in FIG. 8 at T3, although aspects of
the invention are not limited to a HARQ process.

At step 910, the mobile station measures channel quality
based on the common pilot signals received from the base
station. Because the relay station does not transmit the com-
mon pilot signals to the mobile station, the common pilot
signals received by the mobile station may have been trans-
mitted by the base station only. Therefore, the channel quality
as measured at the mobile station may be independent of
whether or not the relay station is transmitting, and, therefore,
channel quality measurement degradation may be avoided.

At step 912, the mobile station performs channel estima-
tion based on the dedicated pilot signals received from the
base station and the relay station, and only performs channel
estimation during subframes which contain the dedicated
pilots. When scheduled to a dedicated pilot transmission
mode, the mobile station may only perform channel estima-
tion based on the dedicated pilot signals. The dedicated pilot
signals will be self-constrained in each sub-frame of trans-
mission to the mobile station. In addition, a mobile station
may not interpolate between different sub-frames when
scheduled to a dedicated pilot transmission mode. Therefore,
by scheduling a dedicated pilot transmission mode to a
mobile station, during relay downlink, the mobile station may
only perform channel estimation during sub-frames which
contain dedicated pilot signals, thereby possibly avoiding
channel estimation degradation.

As noted above, downlink transparent relay may be imple-
mented in a LTE communications network. In LTE networks,
an access point providing coverage may be referred to as a
base node (NodeB) or evolved base node (eNB) rather than a
base station; a mobile station may be referred to as user
equipment (UE); a relay station may be referred to as a relay
node (NodeR); and reference signals may perform the same
functions as pilot signals. As will be appreciated by a person
skilled in the art, references to a base station, relay station,
mobile station and pilot signals herein may also refer to a base
node, a relay node, user equipment, and reference signals
respectively in a LTE communications network. However,
embodiments of the invention are not limited to LTE commu-
nications networks and may be implemented in wireless com-
munications networks configured to operate using other stan-
dards.

Some embodiments may be used in association with
enhancements to LTE Release 8 standards, including LTE-
Advanced. According to LTE Release 8 specifications, the
following transmission modes may be semi-statically config-
ured to each mobile station via higher level signalling:

1. Single-antenna port; port 0;

2. Transmit diversity;

3. Open-loop spatial multiplexing;



US 9,071,322 B2

13

4. Closed-loop spatial multiplexing;

5. Multi-user MIMO;

6. Closed-loop Rank-1 pre-coding; and

7. Single-antenna port; port 5.

In the above modes, the term “port” may refer to specific
physical antennas, or, in the case of “port 5 may refer to
multiple antennas used for beamforming. Normally, the
selection of transmission mode may be determined by
antenna configuration of the base station and mobile station,
channel conditions, transmission speed, traffic type and so on.
Modes 1 to 6 utilize common pilot signals in the downlink.
However, Mode 7 utilizes dedicated pilot signals.

According to some aspects, for downlink transparent relay,
abase station can schedule LTE transmission Mode 7, regard-
less of antenna configuration or any other channel conditions,
to a mobile station for which transparent relay communica-
tion will occur. Since dedicated pilot signals are mobile sta-
tion specific, mobile stations that are in non-relay communi-
cation with a base station may be assigned to any one of the
seven LTE Release 8 transmission modes shown above based
on the usual criteria (i.e. antenna configuration of the base
station and mobile station, channel conditions, transmission
speed, traffic type and so on).

According to some aspects, a base station and a relay
station apply a pre-coding matrix for beamforming to both
data scheduled to a mobile station and to dedicated pilot
signals. The relay station transmits the pre-coded data and
dedicated pilot signals over the same channel resources as the
base station. The relay station may use the same or similar
pre-coding matrix used by the base station. The pre-coding by
the relay station may be transparent to the mobile station. The
mobile station will then decode the scheduled data with the
help of the dedicated pilot signals.

FIG. 10 is a flowchart showing steps for relay in a wireless
communication system according to some aspects. It is not
essential to aspects of the invention that all steps shown in
FIG. 10 be performed, and certain aspects may comprise
fewer steps than those shown. At step 1002, a base station
schedules a dedicated pilot transmission mode, such as LTE
transmission Mode 7, to a mobile station. The base station
may schedule the mobile station to the dedicated pilot trans-
mission mode before, or at the outset of downlink transparent
relay communications. At step 1004, the base station trans-
mits data, the dedicated pilot signals and common pilot sig-
nals to a relay station and the mobile station. Step 1004 may
be performed as part of a HARQ process, as shown in FIG. 8
at T1. However, aspects of the invention are not limited to a
HARQ process, and it is also possible that the relay station
may receive data and pilot signals from the base station in a
separate transmission to the relay station only.

At step 1006, the relay station nulls the common pilot
signals. At step 1008, the base station and the relay station
each apply a pre-coding matrix to the data and to the dedi-
cated pilot signals. The relay station may apply the same or
similar pre-coding matrix as the base station, although in
some scenarios, the pre-coding matrix used by the relay sta-
tion could be different from the pre-coding matrix used by the
base station. Steps 1010(a) and 1010(5) may be performed
simultaneously. At step 1010(a), the base station re-transmits
the pre-coded data, the pre-coded dedicated pilot signals and
the common pilot signals to the mobile station. At step 1010
(b), the relay station transmits the pre-coded data and the
pre-coded dedicated pilot signals to the mobile station. The
base station and relay station may transmit the data and dedi-
cated pilot signals over the same channel resources as the base
station. At least steps 1010(a) and 1010(5) may be performed
as part of a HARQ re-transmission in downlink transparent
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relay, as shown in FIG. 8 at T3, although aspects of the
invention are not limited to a HARQ process.

At step 1012, the mobile station measures channel quality
based on the common pilot signals received from the base
station. At step 1014, the mobile station performs channel
estimation based on the dedicated pilot signals received from
the base station and the relay station and only performs chan-
nel estimation during subframes which contain the dedicated
pilots. If the same pre-coding matrix is used by the base
station and the relay station, the pre-coding processing
applied by the base station may be transparent to the mobile
station when dedicated pilot signals are used.

To improve HARQ performance, according to some
embodiments, the pre-coding matrix used by the base station
and relay station transmission may alternate between various
different pre-coding matrices for different HARQ re-trans-
missions. This alternating behavior may be referred to as
pre-coding hopping. Pre-coding hopping may be applied to
different re-transmissions and a hopping pattern may be pre-
defined.

In some embodiments, dedicated pilot signals and the com-
mon pilot signals may not interfere with one another. Avail-
able channel time and frequency resources may be divided
into resource blocks, which may be further divided into
resource elements. According to some aspects, to avoid inter-
ference, the dedicated pilot signals should not be transmitted
over resource elements occupied by the common pilot signals
transmitted by the base station.

FIGS. 11 to 14 illustrate examples of LTE resource block
structures for downlink transparent relay communications for
both a base station and a relay station. The LTE resource
blocks in FIGS. 11 to 14 illustrate examples of how resource
blocks might be structured to avoid interference between
common and dedicated pilot signals. As will be appreciated
by a person skilled in the art, common reference signals and
dedicated reference signals may perform the same functions
as common pilots and dedicated pilots respectively as
described herein.

FIG. 11 is a diagram of an exemplary LTE resource block
structure for a base station which may be used for downlink
relay transmissions from a base station to a mobile station
according to some aspects. FIG. 11 shows resource block
1100 which is composed of time and frequency resources
separated into resource elements. The base station transmits
common reference signals over resource elements 1102, as
indicated by the legend in FIG. 11, using up to four physical
antennas. The base station transmits dedicated reference sig-
nals for the mobile station over resource elements 1104, as
indicated by the legend in FIG. 11. The dedicated reference
signals resource elements 1104 are designated by the charac-
ter “Ry” to indicate the port 5 transmission of LTE Transmis-
sion Mode 7 as described herein. As can be seen in the
example of FIG. 11, the common and dedicated reference
signals are transmitted in different resource elements.

FIG. 12 is a diagram of an exemplary LTE resource block
structure for a base station which may be used for downlink
non-relay transmissions from a base station to a mobile sta-
tion according to some aspects. FIG. 12 shows resource block
1200 which is composed of time and frequency resources
separated into resource elements. The base station transmits
common reference signals over resource elements 1202, as
indicated by the legend in FIG. 12, using up to four physical
antennas. There are no resource elements designated for
transmitting dedicated reference signals in resource block
1200 as non-relay mobile stations are not scheduled to the
dedicated reference signals transmission mode in FIG. 12.
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FIG. 13 is a diagram of an exemplary LTE resource block
structure for a relay station which may be used for downlink
relay transmissions from a relay station to a mobile station
according to some aspects. FIG. 13 shows resource block
1300 which is composed of time and frequency resources
separated into resource elements. The relay station transmits
dedicated reference signals over resource elements 1302, as
indicated by the legend in FIG. 13. The dedicated reference
signals resource elements 1104 are designated by the charac-
ter “R” to indicate the port 5 transmission of LTE Transmis-
sion Mode 7 as described herein. There are no resource ele-
ments for transmitting common reference signals in resource
block 1300 reference signals the relay station nulls resource
elements which are used for transmitting common reference
signals by the base station.

FIG. 14 is a diagram of an exemplary LTE resource block
structure for a relay station which may be used for downlink
non-relay communications according to some aspects. FIG.
14 shows resource block 1400 which is composed of time and
frequency resources separated into resource elements. No
relay transmissions to a mobile station occur in the example
of FIG. 14. Therefore, all resource elements 1402 as indicated
by the legend in FIG. 14, are nulled by the relay station.

Since common reference signals and dedicated reference
signals may be transmitted in different resource elements, as
shown in FIGS. 11 to 14, the transmission of dedicated ref-
erence signals from the base station and the relay station may
have no impact on the common reference signals which are
transmitted by the base station.

In a wireless communication system, a base station may
make decisions regarding Modulation and Coding Scheme
(MCS) selection and mobile station scheduling based on the
quality of the data channel between the base station and the
mobile station. The mobile station measures information
about the channel quality and feeds back this information to
the base station as CQI. As discussed above, the channel
quality may be measured based on the common pilot signals.
CQI feedback may be reported periodically or aperiodically
using the Physical Uplink Shared Channel (PUSCH). The
CQI reporting mode may be selected by the base station and
signalled to the target mobile station through Radio Resource
Control (RRC). RRC is a high layer control that may transmit
radio system configuration information and may be transmit-
ted less often than data or pilot signals. According to some
embodiments, the base station selects aperiodic CQI report-
ing for a mobile station utilizing transparent relay. Aperiodic
CQI reporting may be desirable because a relay station and
may transmit aperiodically over the PUSCH to the base sta-
tion.

FIG. 15 is a flowchart showing steps for reporting CQI in
transparent relay according to some aspects. At step 1502, a
base station selects a CQI reporting mode for amobile station,
said CQI reporting mode being aperiodic reporting using
PUSCH. At step 1504, the CQI reporting mode is signalled to
the mobile station through RRC.

What has been described is merely illustrative of the appli-
cation of the principles of the invention. Other arrangements
and methods can be implemented by those skilled in the art
without departing from the spirit and scope of the present
invention.

The invention claimed is:

1. A method at a mobile station for enabling downlink relay
in a wireless communication system, the method at the
mobile station comprising:

receiving data, dedicated pilot signals, and common pilot

signals from a base station; and
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receiving a pre-coded data and a pre-coded dedicated pilot

signals from a relay station,

wherein a pre-coding matrix is applied to the data and the

dedicated pilot signals at the relay station.

2. The method of claim 1, wherein the common pilot sig-
nals is nulled by the relay station, further comprising nulling
at the relay station resource elements occupied by the com-
mon pilot signals.

3. The method of claim 1, further comprising the pre-
coding matrix used at the relay station is applied to the data
and the dedicated pilot signals at the base station such that
pre-coding processing applied by the base station is transpar-
ent to the mobile station.

4. The method of claim 3, further comprising receiving the
pre-coded data, the pre-coded dedicated pilot signals and the
common pilot signals from the base station.

5. The method of claim 4, wherein receiving the pre-coded
data and the pre-coded dedicated pilot signals from the relay
station and receiving the pre-coded data, the pre-coded dedi-
cated pilot signals and the common pilot signals from the base
station comprises receiving over the same channel resources.

6. The method of claim 4, further comprising performing
channel estimation, based upon the pre-coded dedicated pilot
signals received from the base station, during subframes
which contain the pre-coded dedicated pilot signals to facili-
tate alleviating channel estimation degradation.

7. The method of claim 1, further comprising performing
channel estimation, based on the pre-coded dedicated pilot
signals received from the relay station, during subframes
which contain the pre-coded dedicated pilot signals.

8. The method of claim 1, further comprising receiving a
channel quality indicator (CQI) reporting mode selected by
the base station, wherein the CQI reporting mode includes
periodic or aperiodic CQI feedback reporting by the mobile
station using a physical uplink shared channel.

9. The method of claim 1, further comprising measuring
channel quality based on the common pilot signals received
from the base station.

10. The method of claim 1, further comprising one of
transmission modes to the mobile station scheduled by the
base station, wherein the transmission modes including:

single-antenna port, port 0;

transmit diversity;

open-loop spatial multiplexing;

closed-loop spatial multiplexing;

multi-user MIMO,;

closed-loop rank-1 pre-coding; and

single-antenna port, port 5.

11. The method of claim 1, wherein the dedicated pilot
signals and the common pilot signals are transmitted from the
base station to the mobile station over different resource
elements on a resource block, the resource block being com-
posed of time and frequency resources separated into
resource elements.

12. A mobile station comprising a processor for enabling
downlink relay in a wireless communication system, the pro-
cessor is configured to:

receive data, dedicated pilot signals, and common pilot

signals from a base station; and

receive a pre-coded data and a pre-coded dedicated pilot

signals from a relay station,

wherein a pre-coding matrix is applied to the data and the

dedicated pilot signals at the relay station.

13. The mobile station of claim 12, wherein the common
pilot signals is nulled by the relay station, further comprising
nulling at the relay station resource elements occupied by the
common pilot signals.
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14. The mobile station of claim 12, further comprising the
pre-coding matrix used at the relay station or a different
pre-coding matrix being applied to the data and the dedicated
pilot signals at the base station.

15. The mobile station of claim 14, the processor is further
configured to receive the pre-coded data, the pre-coded dedi-
cated pilot signals and the common pilot signals from the base
station.

16. The mobile station of claim 15, wherein receiving the
pre-coded data and the pre-coded dedicated pilot signals from
the relay station and receiving the pre-coded data, the pre-
coded dedicated pilot signals and the common pilot signals
from the base station comprises the processor configured to
receive over the same channel resources.

17. The mobile station of claim 15, the processor is further
configured to perform channel estimation, based on the pre-
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coded dedicated pilot signals received from the base station,
during subframes which contain the pre-coded dedicated
pilot signals.

18. The mobile station of claim 12, the processor is further
configured to perform channel estimation, based on the pre-
coded dedicated pilot signals received from the relay station,
during subframes which contain the pre-coded dedicated
pilot signals.

19. The mobile station of claim 12, the processor is further
configured to receive a channel quality indicator (CQI)
reporting mode selected by the base station, wherein the CQI
reporting mode includes periodic or aperiodic CQI feedback
reporting by the processor at the mobile station using a physi-
cal uplink shared channel.

20. The mobile station of claim 12, the processor is further
configured to measure channel quality based on the common
pilot signals received from the base station.
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